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FOREWORD
This dissertation is compiled into six chapters.
Chapters III, IV and V are written in the manuscript
formats for publication in the journals of the
Entomological Society of America.
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ABSTRACT
A series of field studies were conducted from 1990 to 1992,
designed specifically to identify cultural tactics that may
be used to control the rice water weevil, Lissorhoptrus
oryzophilus Kuschel, on rice (Oryza sativa L.).

The

objectives of the studies were: to examine the effects of
plant density on rice water weevil oviposition, to compare
carbofuran and drainage as rice water weevil control
tactics and to examine the impact of 1-3 days delay in
reflooding after drainage on rice yields, and to assess the
impact of planting date on rice water weevil larval damage.
The results of the plant density study showed that
there was a trend for more eggs per plant at lower
densities, but a trend towards more eggs per unit area with
higher plant densities.

The findings of the study were

that plant densities may influence rice water weevil
oviposition during the first two weeks of permanent
flooding.

However, the conclusion was that plant spacing

cannot be manipulated to control rice water weevil
infestation, because recommended optimum plant densities do
not differ significantly in their effect on oviposition.
The results from the water management study showed
that although timely draining of fields significantly
reduced immature weevil populations, the tactic was
unreliable.

Continuous rain during the drained-period may

cause leaching of soil nutrients.

xi

Also reinfestation of

fields after reflooding the drained fields can nullify the
benefits derived from drainage.

However, the results of

the study did not find any reduction in grain yields from
delayed reflooding of fields.
Two field experiments were conducted in 1991 and 1992
for the planting date study.

The data from both years

showed that yields of rice planted before mid-April were
not reduced by weevil infestation.

Early planted rice did

not avoid damaging populations of rice water weevils, but
was able to tolerate such infestations without loss of
yields, unlike later planted rice.

The findings from the

study suggested that early rice seeding offered potential
as a cultural control tactic to reduce the damaging effects
of rice water weevil.

Chapter I

INTRODUCTION
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The rice water weevil is the most important insect
pest of rice grown in the United States of America.

The

importance of the insect as a major pest of rice (Oryza
sativa L.) was documented in the early 1900's (Tucker 1912,
Webb 1914), although it was probably associated with rice
since its introduction as a crop in the 17th century
(Bowling 1967).

Rice water weevils in the genera

Lissorhoptrus and Helodytes are insects indigenous to the
western hemisphere (O'Brien & Wibmer 1982); however, the
importance of the weevils shifted to a global concern with
the introduction of Lissorhoptrus oryzophilus into Japan in
1976 (Hirao 1978).
Early methods for managing this pest in the United
States involved the use of cultural control methods,
primarily draining flooded fields at times of infestation
(Tucker 1912, Isely & Schwardt 1934).

This method is

currently unsatisfactory and uneconomical because of
difficulty in properly timed reflooding of fields and the
loss of fertilizer (Smith 1983).

Also, the advent of

effective and cheap pesticides quickly eroded the use of
this cultural practice.
Research studies from the 1930's to 1950's focussed
mainly on understanding the biology and bionomics of the
insect.

During the 1960's and subsequent decades there was

a shift in research emphasis, with most of the research
efforts principally directed towards chemical control and

host plant resistance studies, but with little research on
other alternatives.

Although there were some studies on

the bionomics of the pest during the 1970's, there remains
important deficiencies in the literature concerning the
biology, ecology and behavior of the rice water weevil.
In light of shortcomings in the body of research
knowledge of basic rice water weevil biology, coupled with
the imminent removal of granular carbofuran from the
market, the following studies were undertaken.

The

objectives were (1) to determine the effect of plant
spacing on rice water weevil oviposition during the first 2
wk of permanent flooding,

(2) to compare the use of

carbofuran with water management as rice water weevil
management tactics, and (3) to compare the use of
carbofuran with planting date as rice water weevil control
tactics.
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Importance of Rice
Rice (Oryza. sativa L.) is the major food crop of the
tropics and subtropics, with over 95% of the world's
production concentrated in China, India, southern Asia and
the Pacific Islands (Poehlman 1977).

United States of

America accounts for approximately 1% of the total world
production.

There are two cultivated rice species, O.

sativa and O. glaberrima Steud., that can grow in a range
of geographic climes covering a wide range of water and
soil conditions (Lu & Chang 1980).

Today rice is grown in

more than 100 countries on every continent (except
Antarctica) between 43° S and 53° N latitude.
Although the production in the United States is small
on a global scale, the crop contributes significantly to
the economies of Arkansas, Louisiana, Texas, California and
Mississippi.

In southwestern Louisiana, the crop also is

an integral part of the crawfish production system.
Economic Importance and Alternate Hosts
of the Rice Water Weevil
Water weevils are probably the most widely distributed
and economically important root feeders on rice (Bowling
1980).

The rice water weevil, Lissorhoptrus oryzophilus

Kuschel (Coleoptera: Curculionidae), is the most prevalent
and destructive insect pest of rice in the United States of
America.

Yield losses greater than 1123 kg/ha can occur

from serious infestations, with total losses in Louisiana

estimated between $9M and $10M annually (Smith et al.
1986).

The national yield loss is estimated at 7%, with a

net revenue loss of $12.2M (Moore 1989).

The rice water

weevil has been associated with rice since the introduction
of the crop into the United States in the late 17th century
(Bowling 19 67).

L. oryzophilus occurs in 2 2 states of the

United States (O'Brien & Wibmer 1982) and is native to
North America.

It also is found in areas where rice is not

grown, on alternative host plants.

Webb (1914) reported

that the grasses Paspalum larranagae Arech., P. plicatulum
Michx. and the sedge Cyperus flavicornis Michx. were
infested by rice water weevil in the field.

The larval

stage also was found to infest the roots of the following
species of grasses and sedges under experimental
conditions: Paspalum dissectum L . , P. boscianum Flugge and
Echinochloa zelayensis H.B.K., Syntherisma sanguinalis (L.)
Dulac, Cynodon dactylon (L.) Ktze, Axonopyus compresus (Sw)
Beauv., Panicum hians Ell, P. dichotomiflorum Michx.,
Jussica suffruticosa L. and Elcocharis obtusa Schultes
(Webb 1914).

Rice water weevil has been found to breed on

Polypogon monospeliensis (L.) Desf., Agrostis avenacea
Gmel., Setaria geniculata (Lam.) Beauv. and Scripus
mucronatus (Lange & Grigarick 19 59).

Taxonomy and Distribution of
the Rice Water Weevil
The rice water weevil was known as Lissorhoptrus
simplex (Say) from 1882 to the mid-1950's.

Kuschel (1952)

revised the genus Lissorhoptrus and found that the name L.
simplex was actually being applied to two closely related
species.

He was able to separate the species primarily on

characters on the hind tibiae of males.

He retained L.

simplex for one species and described the other as L.
oryzophilus.

The latter species is widely distributed in

the United States but is absent in the northwestern states,
while it also is found in Alberta, Canada, Mexico and Cuba
(O'Brien & Wibmer 1982).

Both L. oryzophilus and L.

simplex occur in the southern rice growing states (Kuschel
1952, O'Brien & Wibmer 1982).

Earlier studies with the

rice water weevil could have involved either species or a
combination of both, although L. oryzophilus is believed to
be more common (Bowling 1967).

Most populations of the

rice water weevil reproduce sexually, but the population
found in California is parthenogenic (Lange & Grigarick
1959, Grigarick & Beards 1965).

The insect achieved even

greater global significance after its introduction into
Japan in 197 6 (Hirao 1978).

This population is presumed to

have originated from California because it, too, is
parthenogenic (Iwata 1979).

Sixteen species of the genus Lissorhoptrus are found
throughout the Americas (Kuschel 1952), and six species
occur in the United States.

Two other species, L.

brevirostris (Suffrain) and L. isthmicus Kuschel, are
reported to be a pests of rice; the former is one of the
two most important pests limiting rice production in Cuba,
but the pest status of the latter has not been determined
(Pantoja & Medina-Gaud 1988).
Biology of the Rice Water Weevil
The adults of L. oryzophilus are black, oblong weevils
(2.8-3.2 mm long x 1.2-1.8 mm wide), with olive-gray scales
(Isely & Schwardt 1930).

Females are often larger than

males (Newell 1913), with the first two ventral abdominal
segments flat to convex, whereas in the males, these
sternites are broadly concave at the midline (Everett &
Newsom 1964) .
The activity of the insect is seasonal.

Weevils fly

to hibernation sites as early as July (Stevenson 1972,
Smith 1983), where they enter a true diapause (Knabke 1973,
Nilakhe 1977), and overwinter.

The insect overwinters as

an adult in Spanish moss and fine matted-down grass (Tucker
1912, Webb 1914), bunch grasses (Grigarick & Beards 1965,
Gifford & Trahan 1967), and in fescue in Arkansas
(Stevenson 1972).

During the winter, the indirect flight

muscles of the adults become greatly reduced but muscle
regeneration occurs in spring shortly before the adults
leave the overwintering sites (Muda et al. 1981).

The
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emergence period in Louisiana was observed by Webb (.1914)
to fall between 25 March and 2 6 June, while in Arkansas
emergence was reported in late April

(Isely & Schwardt

1934).
Flight activity of the weevil is influenced by air
temperature,

and when night temperatures fall below 17°C,

flight activity is retarded (Gifford & Trahan 1966).

Once

the adult females establish themselves in a flooded rice
field, the indirect flight muscles degenerate and
oviposition starts (Muda et al. 1981).

The weevils are

rather sluggish when out of water, crawling slowly about
rice leaves, and when touched, feign death and fall into
the water where they either swim away or continue to float
on the water surface (Newell 1913, Ingram 1927).
Larvae may be found within 8 days after flooding
(Bowling 1972) .

Webb (1914) observed the existence of one

complete and one partial generation in Louisiana but a
subsequent study in southwestern Louisiana indicated the
occurrence of two complete generations and a partial third
generation (Gifford & Trahan 1966).

Muda et al.

(1981)

reported the occurrence of only one complete generation and
a partial second generation in Arkansas.
The adult females oviposit most of their eggs in
submerged leaf sheaths, and newly hatched larvae feed for a
short period of time before crawling down the plant and
entering the roots (Grigarick & Beards 1965,

Everett 1965).

11

Maximum oviposition occurs 1-2 weeks after flooding
(Everett & Trahan 1967).
The egg is pure white, cylindrical, slightly curved
and about five times as long as wide (Newell 1913), and is
barely visible to the unaided eye.

Eggs hatch in 4-9 days,

depending on temperature (Raksarart & Tugwell 1975).
Bowling (1972) observed that after hatching, larvae
apparently leave the exit hole and move by gravity through
the water to the soil and roots. His observation was
consistent with that of Kuschel (1952).

Bowling also noted

that the first stage larvae are outside the plant and soil
for a short period which is the most vulnerable stage in
the life cycle.

Gifford et al.

(1968) reported that the

weevil can migrate as much as 81 cm in the soil.
The larvae or 'root-maggots' of the rice water weevil
consist of four instars (Cave & Smith 1983) that are long
(1st instar about 1.5 mm to 4th instar about 8 mm),
slender, and white in color.

The second to seventh

abdominal segments of the larvae possess paired curved
dorsal hooks (Isely & Schwardt 1930) that serve as modified
spiracles and are used to pierce root tissue to sequester
air (Smith 1983).

Under normal field conditions, the

larvae complete their development in 27 days.
The pupa is formed in an oval water-tight mud cell and
closely resembles the adult, except for being white in
color (Isely & Schwardt 1934).

The duration of the pupal

stage is 7 days at 27 ± 5.6°C (Smith 1983).

Both adults and immature weevils attack the rice
plant.

The adult feeds on leaves of the young plant,

rasping away the leaf epidermis and leaving skeletonized
longitudinal slits on the upper leaf blades (Smith 1983);
however, the major damage is caused by the larvae through
root pruning that becomes apparent within 3 to 4 weeks
after flooding (Isely & Schwardt 1934).

When pruning is

not too severe, the rice plant produces new shoots and
recovers, but in extreme cases the plants are killed (Webb
1914). Initially, damage in the field may be observed in
clusters because of the clumped spacial distribution of the
immature rice water weevils (Cave et al. 1984).
Control of the Rice Water Weevil
Early attempts at rice water weevil control involved
drainage of the field to reduce larval feeding (Isely &
Schwardt 193 0, 1934).

This practice is currently

considered impractical and costly because of loss of
fertilizer and the inefficient destruction of larvae if the
field is reflooded too soon (Smith 1983); however, recent
evidence suggests that this practice may be economically
employed (Quisenberry et al. 1992).
Bowling (1957) demonstrated that the organochlorines
aldrin, dieldrin, and lindane provided 90% or better larval
control when used as seed treatment, but these treatments
failed to increase yields. Further studies by Rolston and
Rouse (1960) and Newsom and Swanson (1962) led to the
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adoption of aldrin as a seed treatment for effective and
economical rice weevil control.

Nevertheless, by the mid

sixties, aldrin-resistant rice water weevil populations
were detected in Louisiana (Everett et al. 1964), Arkansas
(Rolston et al. 1965), and Texas (Bowling 1968).
With the development of insect resistance, efforts
were directed at finding another chemical to control the
pest.

Everett and Trahan (1965), Gifford and Trahan

(1967), and Gifford et al.

(1969) showed that post-flood

broadcast applications of carbofuran controlled L.
oryzophilus

satisfactorily resulting in increased yields.

Approximately 10% (12 9,000 ha) of the rice acreage are
treated in the United States (Moore 1989).

This

insecticide continues to provide effective weevil control
with no significant levels of carbofuran resistance to date
(Rahim et al. 1981).
Carbofuran is a carbamate insecticide that affects the
nervous system, by inhibiting acetylcholinesterase.

The

insecticide is the only pesticide registered in the United
States for control of the rice water weevil; however,
environmental problems have recently been associated with
the use of the granular formulations.

Several bird kills

have been reported in California and Texas (Stickel 1975,
Flickinger et al. 1980, EPA 1989).

Also, there has been

contamination of shallow aquifers under or near treated
fields in three states (EPA 1984).

After a cost/benefit
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impact assessment, the Environmental Protection Agency has
decided to discontinue the use of granular formulations of
carbofuran for rice water weevil control in rice, effective
the 1 September 1995 (Heier 1991).

This decision has

resulted in an urgent need to find an alternative chemical
or control technique.
There has been limited research on the impact of
biological agents on water weevil populations.

Tucker

(1912) reported that the weevil is preyed upon by the long
billed marsh wren (Telmatodytes palustris) and the mallard
duck (Anas platyrhynchus).

Puissegur (1976) also

demonstrated L . oryzophilus predation by frogs, Hyla spp.
and Rana pipiens, but the impact on population suppression
appears minimal.

In field cage studies, Puissegur (1976)

also noted that the tettigoniid grasshopper, Conocephalus
faciatus (Der Gier), consumed significant levels of the
adult weevil population.

Immatures of the dragonfly,

Pantola flavescens (F.), significantly reduced the weevil
larval population, when compared to the control population.
A mermithid nematode has been observed to parasitize adult
female weevils, resulting in adult mortality and reduction
in egg production (Bunyarat et al. 1977).

The beneficial

effects of the nematode in suppressing rice water weevil
populations is not yet determined (Smith 1983).
In the area of host-plant resistance, some recent
progress has been made in locating resistant sources of

germplasra to the rice water weevil.

Between 1979 and 1981,

2800 rice genotypes were screened and six lines were found
to show moderate levels of resistance (Robinson et al.
1981). Later, Smith and Robinson (1982) identified five
cultivars of Philippine origin that showed a low level of
resistance to the weevil.
Some use could be made of time of seeding as means of
controlling the rice water weevil through spacial-temporal
avoidance.

Early planted rice in southwestern Louisiana

had lower populations of rice water weevil than later
planted rice (Thompson et al. 1991).
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Introduction
In the United States, the rice water weevil
(Lissorhoptrus oryzophilus Kuschel) is the major insect
pest of rice, a crop very important to the economies of
Louisiana, Arkansas, Texas, Mississippi and California.
Yield losses greater than 112 3 kg/ha can occur from serious
infestations, with total annual losses in Louisiana
estimated at $10 M (Smith et al. 1986).
Adult weevils fly to hibernation sites as early as
July (Stevenson 1972, Smith 1983), where they enter a true
diapause (Knabke 1973, Nilakhe 1977) and overwinter.

The

adult overwinters in Spanish moss and fine matted-down
grass (Tucker 1912, Webb 1914), bunch grasses (Grigarick &
Beards 1965, Gifford & Trahan 1967) and fescue in Arkansas
(Stevenson 1972).

During the winter, the indirect flight

muscles of the adults become greatly reduced but muscle
regeneration occurs in spring shortly before the adults
leave the overwintering sites (Muda et al. 1981).
The emergence period in Louisiana was observed by Webb
(1914) to occur between 2 5 March and 2 6 June, while in
Arkansas emergence was reported to occur in late April
(Isely & Schwardt 1934).

Flight activity of the weevil is

influenced by air temperature and thus when night
temperatures fall below 17°C, flight activity is suppressed
(Gifford & Trahan 1966).

Once adult females establish

themselves in a flooded rice field, the indirect flight
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muscles degenerate and oviposition begins (Muda et al.
1981).

Females lay most of their eggs in submerged leaf

sheaths and newly hatched larvae feed for a short period of
time before crawling down the plant and entering the roots
(Grigarick & Beards 1965).

Maximum oviposition occurs 1-2

wk after permanent flood (Everett & Trahan 1967).

Eggs

hatch in 4-9 d, depending on temperatures (Raksarart &
Tugwell 1975), and larvae may be found within 8 d after
flooding (Bowling 1972).
Tillering and leaf production are the main visible
activities during the vegetative phase of rice.

Primary

tillers are the lateral shoots produced off the main shoot
and emerge from within leaf sheaths.

Under drill-seeded

conditions in Louisiana, maximum tillering may occur
between 30-56 d after planting.

Excessive tillering

promotes late oviposition because prohylls and young leaves
of new tillers are preferred oviposition sites (Everett &
Trahan 1967).

When plant populations are low (< 100 plants

per m2) , primary tillers also produce secondary tillers
(Anonymous 1987).

However, plants in an optimum spacing

relationship stop tillering much earlier, resulting in
fewer newly emerged leaves to provide oviposition sites
later in the development of the plants (Everett & Trahan
1967).
The recommended optimum rice stand is 160-212 plants
per m2, but densities as low as 85 and as high 318 are
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tolerable (Anonymous 1987).

Given the wide range of

possible planting densities additional information is
needed about the influence of rice plant spacing on rice
water weevil oviposition and juvenile populations.

Perhaps

plant density could be used in a pest management program
for rice water weevil.
There is a commonly held conception among some rice
researchers, that isolated plants or plants from thin
stands are more infested than plants with optimum stand
spacing.

Therefore, the first objective of this study was

to determine if planting density influenced rice water
weevil oviposition during the first 2 wk of permanent
flooding.

The second objective was to assess whether

manipulation of plant density could reduce weevil
infestation without reducing yields.
Materials and Methods
Three field studies were conducted during 1990, 1991
and 1992 at the Rice Research Station, near Crowley, La.
Plots (4.6 by 1.2 m) were arranged in a randomized block
design consisting of four treatments with four replicates.
The treatments were planting densities of 10, 20, 30 and 40
plants per m row.
The sites selected for each experiment (one per year)
were firm seed beds of Midland silt loam (1990, 1991) and
Crowley silt loam (1992).

Planting in 1990 and 1991 (114

kg/ha, var 'Lemont') was done through drill seeding using a
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Kincaid drill with row spacing of 18 cm.

Desired plant

densities were obtained by thinning plant stands.
However, in 1992, inclement weather conditions necessitated
a change in location and modification in the planting
method, because thinning operations were hampered by rain.
A drop-seed planter was used to seed the plots at their
respective plant densities.

Planting with the drop-seed

planter at the rate of 90, 67.5, 45 and 22.5 kg/ha gave the
equivalent of 40, 30, 20 and 10 plants per m row,
respectively, or 200, 150, 100 and 50 plants per m2.
Rice seeds were planted on 22 May 1990, 4 June 1991
and 18 June 1992.

In 1990 and 1991, fertilizer (67:67:67

kg/ha of N:P:K) was applied simultaneously with the seed by
Kincaid drill.

A second application of nitrogen (100

kg/ha) was applied by motorized gandy just before permanent
flooding.

In 1992, a single application of fertilizer

(134:67:67 kg/ha of N:P:K) was made with the gandy on 7
July, just before permanent flooding.

In 1990 and 1991, 2

wk after seeding, the field was divided into 16 plots.
Plant stands in the plots were thinned to the respective
treatment densities with the thinning operations lasting
3 d.
Plots were permanently flooded on 15 June 1990, 21
June 1991 and 9 July 1992.

A post emergence herbicide,

propanil (4.5 kg [AI]/ha; Rohm and Haas Philadelphia, Pa),
was applied 2 wk after planting using a C02 sprayer.
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Because of excessive weed growth in 1992, a preemergence
aerial application of propanil (4.5 kg[AI]/ha) on 23 June
and a posteraergence aerial application of propanil +
bentazon (1.2 liter[Al]/ha; BASF Corp., Parsippany, NJ)
also was necessary on 6 July.
On 19 July 1991, an aerial application of benomyl (1.1
kg[AI]/ha; Du Pont, Wilmington, De) was made to suppress an
outbreak of rice blast disease.

No fungicide application

was necessary in 1990 or 1992.
Core samples for monitoring rice water weevil larval
populations were taken 2 wk after permanent flooding and
continued at 1 wk intervals, until larval and pupal
populations in all treatments fell below economic threshold
(five immatures per core).
core with a 7.6 cm depth.

The sampler had a 9.2-cm diam
During the first and second wk

of flooding in 1991 and 1992, all the plants within a
randomly selected quadrat (30 by 3 0 cm) in each plot were
removed.

The plants were blanched for 3 min, then stained

with lactophenol/acid fuschin.

The leaf sheaths of each

plant were examined under a stereo microscope for rice
water weevil eggs.

The staining technique used was one

modified by Gifford and Trahan (1967).

In 1991 and 1992,

five plants per plot were randomly sampled at 3, 5 and 7 wk
after permanent flooding to determine tiller development.
At 12 0 days after planting, heights of three randomly
selected plants from each plot were recorded.

Afterwards,
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four rows of rice plants per plot were harvested using a
Kubota combine harvester.
Data were subjected to analysis of variance (ANOVA)
using general linear models (SAS Institute 1985).
Significant means of oviposition, tiller numbers, immature
populations and yields were separated using Tukey's
studentized range tests (P < 0.05)

(SAS Institute 1985).

Results
In 1991, plant spacing did not have a significant
effect on the number of eggs per plant for the first sample
date, but the effect was significant for the second sample
date (25 June, F = 3.37; df = 3, 9; P > 0.05: 7 July, F =
5.49; df = 3 ,

9; P < 0.05)

(Table 3.1).

On both sample

dates, there was a trend for more eggs per plant at lower
plant densities.

Plant spacing had a significant effect on

eggs/m2 area in the second sample date, but not in the
first (25 June, F = 2.78; df = 3, 9; P > 0.05: 7 July, F =
3.58; df = 3, 9; P < 0.05).

There was a trend towards more

eggs per unit area with higher plant densities.
In 1992, plant spacing had a significant effect on the
number of eggs per plant for both sample dates (16 July, F
= 13.65, P < 0.05; 23 July, F = 7.37; df = 3, 9; P < 0.05.)
(Table 3.2).

As in 1991, there was a trend towards more

eggs at lower plant densities.

Plant spacing had a

significant effect on eggs/m2 area for only the second
sample date ( 16 July, F = 0.16; df = 3, 9; P > 0.05; 23

Table 3.1. Number of rice water weevil eggs (mean ± SE) deposited per unit
area and per plant, Rice Research Station, Crowley, LA, 1991
Date

Plants/m
row

No. of Plants
sampled within
a quadrat

Eggs/m2

25 June

10
20
30
40

6.0
14.0
18.0
29.0

937
1075
1336
1972

7 July

10
20
30
40

5.0
16.0
19.0
29.0

436
932
940
702

+
+
+
+

Eggs per
plant

218.1
251.5
137.8
265.3

15.6
7.3
7.6
7.9

+
+
+
+

2.7
1.7
1.4
2.4

+ 119.1b
+ 52.9a
+ 179.4a
+ 90.7ab

7.8
5.5
4.8
2.4

+
+
+
+

1.8a
0.6ab
l.Oab
0.3b

Means followed by the same letter within a sampling date by column are not
significantly different (P > 0.05; Tukey's studentized range [SAS Institute 1985]
tests).
Planted 4 June and permanently flooded 21 June.

w
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Table 3.2. Number of rice water weevil eggs (mean ± SE) deposited per unit
area and per plant, Rice Research Station, Crowley, LA, 1992
Date

Plants/m
row

No. of Plants
sampled within
a quadrat

Eggs/m2

16 July

10
20
30
40

4.0
9.0
11.0
10.0

605
771
781
892

+
+
+
+

23 July

10
20
30
40

4.0
11.0
15.0
21.0

34
304
359
288

+
+
+
+

124.3
187.0
120.9
514.2
20.8b
28.7a
78.7a
55.9ab

Eggs per
plant

17.5
7.9
6.9
7.2

+
+
+
+

2.1a
1.4b
0.6b
2.1b

0.8
2.8
2.2
1.3

+
+
+
+

0.5b
0.4a
0.4ab
0.1b

Means followed by the same letter within a sampling date by column are not
significantly different (P > 0.05; Tukey's studentized range [SAS Institute 1985]
tests).
Planted 18 June 1992 and permanently flooded 9 July.
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30
July, F = 6.33; df =

3, 9;

P < 0.05).

As in 1991, there

was a trend towards more eggs per unit area with higher
plant densities.
The combined data for the two sample dates of 1991
indicated that there was a significant sample date by plant
density

interaction for the number of eggs per unit area (F

= 3.66;

df = 3, 24; P < 0.05); while there was not a

significant sample date by plant density treatment
interaction for eggs per plant (F = 1.17; df = 3, 24; P >
0.05).

In 1992, the combined data for the two sample dates

indicated that there was not a significant sample date by
plant density interaction for the number of eggs per unit
area (F = 0.09; df = 3, 24; P > 0.05), but there was a
significant sample date by plant density interaction for
eggs per plant (F = 12.28; df = 3, 24; P < 0.05).
The sample date by plant density interactions in the
two years were the result
the two sample dates.

of inconsistent responses during

In both years, for the highest plant

density on the second sample date, the number of eggs per
plant and per unit area in the 4 0 plants per m row density
was actually lower than the 3 0 plants per
resulting in a non linear

response.

m row density,

This nonlinear

response occurred only on the second sampling date in both
years, while a linear response occurred during the first
sample date.

Because of these interactions, further

analysis on the combined data was not done.

In 1991, the number of tillers at 3 and 7 wk after
permanent flood was significantly higher in the 10 plants
per m row treatment as compared with the 3 0 and 4 0 , plants
per m row treatments (F = 8.48; df = 3, 9; P < 0.05 and F —
66.21; df = 3, 9; P < 0.05 for 3 and 7 wk respectively)
(Table 3.3).

No significant differences were observed

among the plant density treatments at the 5 wk sampling
date (F = 1.64; df = 3, 9; P > 0.05).

However, in 1992, no

significant statistical differences in number of tillers
were observed among the plant density treatments for any of
the sampling dates (3 wk, F = 1.24; df = 3, 9; P > 0.05: 5
wk, F = 3.05; df = 3, 9; P > 0.05: 7 wk, F = 0.75; df = 3,
9; P > 0.05)

(Table 3.4).

The field and environmental

conditions in 1992 were not very conducive for rice growth.
Inclement weather compromised proper land preparation which
contributed to excessive weed growth.
In 1990, rice water weevil immature population levels
were different among treatments only during the first 2 wk
after permanent flood (Fig. 3.1), while in 1991 significant
differences were observed at 21, 28 and 35 d after
permanent flood (Fig. 3.2).

However, in 1992, no

differences were observed among plant density treatments on
any of the sampling dates (Fig. 3.3).
Harvest data for 1990 showed no significant
differences among plant density treatments for height (P =
1.77; df= 3, 9; P > 0.05) and grain yield (P = 1.15; df =

Table 3.3. Number of tillers (mean + SE) per rice plant, Rice Research
Station, Crowley, LA, 1991
Sampling date (weeks after permanent flood)
Plants/m
row

3 wk

5 wk

7 wk

10

6.8 ± 1.1a

4.8 ± 0.7

5.8 + 1.1a

20

4.9 ± 0. 7ab

4.6 ± 0.7

4.4 + 0.7b

30

2.6 ± 0.7b

2.9 ± 0.3

2.8 + 0.7c

40

2.5 ± 0.6b

4.0 ± 0.7

2.0 + 0.6c

Means followed by the same letter within a column are not significantly different
(P > 0.05; Tukey's studentized range [SAS Institute 1985] tests).
Planted 4 June and permanently flooded 21 June.

u
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Table 3.4. Number of tillers (mean + SE) per rice plant, Rice Research
Station, Crowley, LA, 1992
Sampling date (weeks after permanent flood)
Plants/m
row

3 wk

5 wk

7 wk

10

2.1 ± 0.3

4.0 ± 0.6

2.0 + 0.3

20

2.3 ± 0.3

2.4 ± 0.3

1.8 + 0.4

30

1.7 ± 0.2

2.6 ± 0.3

1.8 + 0.3

40

1.5 ± 0.2

1.9 ± 0.2

1.4 + 0.3

ANOVA were not significant for any of the sampling dates (1 wk, F = 1.24; df = 3
P > 0.05: 5 wk, F = 3.05; df = 3, 9; P > 0.05: 7 wk, F = 0.75; df = 3, 9; P > 0.
Planted 18 June and permanently flooded 9 July.
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Fig. 3.1. Mean number of immature rice water
weevils (RWW) per core, Rice Research Station,
Crowley, La., 1990.
Planted 22 May 1990 and
permanently flooded 15 June 1990.
Means with the same letter within a sampling date are
not significantly different (P > 0.05; Tukey's
studentized range [SAS Institute 1985] Test).
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Fig. 3.2. Mean number of immature rice water
weevils (RWW) per core, Rice Research Station,
Crowley, LA, 1991.
Planted 4 June 1991 and
permanently flooded 21 June 1991.
Means with the same letter within a sampling date are
not significantly different (P > 0.05; Tukey's
studentized range [SAS Institute 1985] Test).
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Fig. 3.3. Mean number of immature rice water
weevils (RWW) per core, Rice Research Station,
Crowley, LA, 1992.
Planted 18 June 1992 and
permanently flooded 9 July 1992.
ANOVA results were not significant for any of the
sampling dates.
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3, 9; P > 0.05)

(Table 3.5).

In 1991, plants in the 10

plants per in row treatment were significantly taller than
those in the other treatments (F = 13.2; df = 3, 9; P <
0.01), but there were no differences in grain yield among
plant density treatments (F — 0.45; df = 3 ,
(Table 3.6).

9; P > 0.05)

in 1992, there were significant height and

yield differences among plant density treatments (F =
10.03; df = 3, 9; P < 0.05 and F = 37.01; df = 3, 9; P <
0.05, respectively).

Plants in the lowest plant density

treatment were significantly shorter than the plants in the
other treatments, but grain yields in 30 and 40 plants per
m row treatments were significantly greater than the other
treatments (Table 3.7).
Discussion
Plant density influenced the numbers of eggs deposited
per plant in 1991 and 1992.

Poor stand establishment in

1992 resulted in low numbers of plants, and possibly
contributed to the absence of differences among treatments
for oviposition per unit area.

There was an increase in

the number of eggs per unit area with increasing plant
stand, in 1991.

Furthermore, the mean number of eggs per

plant showed a decrease with increasing plant density.
Rolston and Rouse (1964), in a study looking at
factors influencing infestations of the rice water weevil
reported that rice supported fewer larvae on an area basis
as stands became thinner, while there was an inverse
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Table 3.5. Rice plant height and yield (mean ± S.E)
as influenced by plant and insect density, Rice Research
Station, Crowley, LA, 1990

Plants/m row

Height, cm

Yield, kg/ha

10

69.4 + 0.8

5145.3 ± 545.3

20

70.7 + 1.7

6030.2 ± 402.4

30

72.3 + 1.2

6082.4 ± 341.9

40

71.1 + 1.0

6337.1 ± 428.6

ANOVA were not significant. (Height, F = 1.77; df= 3, 9; P
> 0.05: grain yield, F = 1.15; df = 3, 9; P > 0.05).
Planted 22 May 1990.
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Table 3.6. Rice plant height and yield (mean ± S.E)
as influenced by plant and insect density, Rice Research
Station, Crowley, LA, 1991

Plants/m row

Height, cm

Yield, kg/ha

10

95.8 ± 2.1a

5864.9 + 223.7

20

87.6 + 0.9b

6028.9 + 438.3

30

87.8 + 2.1b

6191.7 + 461.4

40

85.3 + 1.5b

5860.7 + 576.5

Means followed by the same letter within a column are not
significantly different (P > 0.05; Tukey's studentized
range [SAS Institute 1985] tests).
Planted 4 June 1991.
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Table 3.7. Rice plant height and yield (mean ± S.E)
as influenced by plant and insect density, Rice Research
Station, Crowley, LA, 1992

Plants/m row

Height, cm

Yield, kg/ha

10

69.3 + 1. lb

976.1 + 174.1b

20

73.3 + 0. 5a

1762.9 ± 240.lb

30

74 .6 + 1. 2a

3223.9 + 184.4a

40

74.9 + 0. 6a

3593.1 + 2 65.6a

Means followed by the same letter within a column are not
significantly different (P > 0.05; Tukey's studentized
range [SAS Institute 1985] tests).
Planted 18 June 1992.

relationship between plant density and number of larvae per
plant.

These findings concur with the results of this

study.

The lack of significant differences among the plant

density treatment means for egg per unit area and eggs per
plant on some of the planting dates may have been a result
of the small range of plant densities used this study.
Rolston and Rouse (1964) used plant densities ranging from
30-1130 plants per m2 in their study and were able to
demonstrate greater plant density effects.
The actual immature rice water weevil populations were
significantly different among the plant density treatments
only during the first 2 wk of sampling in 1990 and 3 wk in
1991.

After 3 wk in 199 0 and 6 wk in 1991, there were no

differences in immature populations among the treatments.
The immature population in the lowest plant density was
always initially significantly lower than two of the other
denser treatments but eventually became similar.

The

differences in the numbers of immatures disappeared as
tillering increased the root biomass in the lowest plant
density, enabling the roots to sustain increased numbers of
larvae from later oviposition.

In 1992, there were no

differences in immature populations among treatments for
any of the sampling dates.

Possible contributory factors

were poor plant stand establishment and adverse weather
conditions which may have adversely affected egg survival.
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Unlike the Rolston and Rouse (1964) study, where the
immature population was sampled by actually counting the
larvae from individual plants, this study sampled the
immature populations on an area basis, using a core sampler
with an area of 66.5 cm2.

This difference in sampling

technique may explain why the immature population sampling
data for the first 2 wk and 4 wk in 1990 and 1991,
respectively, of this study compare favorably with data
relating eggs and larvae per unit area with plant density.
The lack of differences in grain yields among
plant density treatments during 1990 and 1991 appeared to
minimize the importance of the effects of rice water weevil
damage among treatments.

However, the similarity of yields

among treatments was attributed to the high tillering
capacity of the rice variety,

'Lemont'.

The excessive

tillering of 'Lemont' compensated for the initial low plant
densities.

Results may have been different with a variety

of lower tillering capacity.
Hot weather conditions that occur when rice is planted
late in the season (mid-June), as was the case in 1992, are
considered unfavorable for stand establishment (Anonymous
1987) .

'Lemont' does not produce vigorous seedlings and

consequently, many of the plants that emerged in the 1992
experiment did not survive the hot weather conditions.
These conditions contributed to poor growth and tiller
development, especially in the low plant density
treatments.

Yield results in 1992 showed evidence of poor
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stand establishment and plant growth, especially in the
lowest plant density treatment.
The data from this study suggest that plant density
may affect oviposition during the first 2 wk of permanent
flood.

Therefore, a higher number of eggs per unit area in

a denser stands would be expected.

There also may be an

inverse relationship between plant density and the number
of eggs per plant.

Thus, an isolated plant in a field may

at times have a higher number of immature rice water
weevils than normally spaced individual plants.

This study

did not examine oviposition beyond 2 wk after permanent
flooding and thus, no conclusions could be made concerning
the effect of tillering on oviposition.
The data also indicated that using plant spacing to
reduce rice water weevil infestation and hence minimize its
damaging effects is not a viable cultural control tactic.
Seeding at very low densities can result in poor stand
establishment and heavy yield losses if conditions are
adverse, as was the case in 1992.

Also, plant densities

that range within the desirable optimum do not
significantly differ in their effect on oviposition.
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Introduction
Water weevils are the most widely distributed and
economically important root feeders on rice (Bowling 1980).
The rice water weevil, Lissorhoptrus oryzophilus Kuschel
(Coleoptera: Curculionidae), is the most prevalent and
destructive insect pest of rice in the United States.

The

importance of the insect as a major rice pest was
documented in the early 1900's (Tucker 1912, Webb 1914);
however,it was probably associated with rice since its
introduction as a crop in the 17th century (Bowling 1967).
Yield losses greater than 1123 kg/ha can occur from rice
water weevil infestations, with total losses in Louisiana
estimated at $10M annually (Smith et al. 1986).
Broadcast applications of granular carbofuran were
found to effectively control larval populations of rice
water weevil, resulting in reduced yield losses (Everett &
Trahan 1965; Gifford & Trahan 1967; Gifford et al. 1968,
1969, 1970).

Since 1970, post-flood applications of

granular carbofuran have been successfully used to
economically control the rice water weevil.

However, the

use of granular carbofuran for rice will be banned in 1995,
necessitating the development of an alternative control
technique (Heier 1991).
Early methods for managing this pest in the United
States involved the use of cultural control methods,
primarily the draining of flooded fields at times of

infestation (Tucker 1912, Webb 1914, Isely & Schwardt
1934).

Although this method was effective in reducing

larval populations, it had several limitations, namely, the
difficulty in properly timed reflooding of fields, weed
control, and the loss of fertilizer (Robinson et al. 1980,
Smith 1983, Morgan et al. 1989).

The advent of effective

and inexpensive pesticides quickly replaced the use of this
cultural practice.

However, Quisenberry et al.

(1992)

indicated that water management had the potential to be an
effective and economical control tactic for the rice water
weevil.
The following study was designed to compare the use of
carbofuran and water management as rice water weevil
control tactics, and to assess the impact of these control
methods on rice yield components.

Because it can take up

to 3 d to flood a large field, the treatment regime used in
this study specifically addressed the impact of 1 to 3 d
delays in reflooding after a 2 wk water removal period.
Materials and Methods
This study was conducted during 1991 and 1992 under
field conditions at the Rice Research Station, Crowley,
Louisiana.

The experiment was arranged in a randomized

block design consisting of six treatments with four
replicates.

Each plot (1.2 by 7.6 m) was individually

leveed to contain chemical treatments and irrigation water.
The six treatments used to compare weevil control and

assess the impact of water weevil damage on rice yield
were:

(1) continuous flood with one application of

carbofuran (FMC, Philadelphia, Pa.);

(2) continuous flood

without carbofuran application (untreated control); (3)
drainage 3 d after core samples indicated the need for rice
water weevil control (threshold = 5 larvae per core), with
reflood when soil in the plots had cracked (Drain 1);

(4)

drainage (same as treatment 3) with 1 d delayed reflood
after Drain 1 (Drain 2); (5) drainage (same as treatment 3)
with 2 d delayed reflood after Drain 1 (Drain 3); and (6)
drainage (same as treatment 3) with 3 d delayed reflood
after Drain 1 (Drain 4).
Before planting, fertilizer (67:67:67 kg/ha N:P:K) was
applied by drill on 4 June 1991 and 21 May 1992 to each
plot.

Plots were flooded to a depth of 5 cm.

Pregerminated rice seeds (var 'Lemont') were hand-seeded at
the rate of 156.9 kg/ha on 7 June 1991 and 25 May 1992 into
each plot.

Propanil (4.5 kg [AI]/ha; Rohm and Haas Co.,

Philadelphia, Pa.) was applied to each plot on 7 June 1991,
but not applied in 1992 because of conflict with the water
removal treatments.

A second application of nitrogen

fertilizer (84 kg [AI]/ha of 21:0:0) was applied by hand on
1 August 1991 and 9 July 1992 when plants showed yellowing.
Benomyl (1.12 kg[AI]/ha; Du Pont, Wilmington, De) was
aerially applied on 19 July 1991 and 1 July 1992 to all
plots to prevent sheath blight outbreak.
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Carbofuran (0.56 kg[AI]/ha) was applied to the
insecticide treated plots on 9 July 1991 and 19 June 1992
using a shaker-jar when larval infestation levels reached
threshold (five larvae per core).
were

Plots of treatment 3-6

drained on 12 July 1991 and 22 June 1992.

Reflooding

of the plots were as follows: Drain 1- 29 July 1991 and 6
July 1992; Drain 2- 30 July 1991 and 7 July 1992; Drain 331 July 1991 and 8 July 1992; and Drain 4- 1 August 1991
and 9 July 1992.
Flight activity of adult rice water weevil on the
research station was monitored twice weekly during the
growing season with the use of 36 23-cm diam plastic plates
coated with 'Insect Tangle'.

The plates were placed 1.5 m

above the ground on stakes which were arranged in two
diagonals across a rice field located 400 m from of the
water management study.

One field was monitored for 1 mo,

after which the monitoring activities were moved to a more
recently planted rice field contiguous to the older field.
Rice water weevil immature populations (larvae and
pupae) were monitored weekly, beginning 7 to 10 d after
plants emerged.

Samples were taken using a 9.2-cm diam

core sampler to a depth of 7.6 cm.

Five core samples with

plants and soil were taken from each plot starting 9 July
1991 and 16 June 1992 when larval populations reached
threshold and continued until the immature population fell
near or below threshold.

Each core of plant and soil was
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washed through a 4 0-mesh sieve.

The sieve with soil

residue and plant debris was placed in a saturated salt
water solution and repeatedly agitated from 1-3 min or
until immatures stopped floating to the surface.

Larvae

and pupae that floated to the surface were counted.

Larvae

were separated according to size: small, <3.0 mm long;
medium, 3.0-6.0 long; large, >6.0 mm long.
At harvest on 3 October 1991 and 21 September 1992,
plant height data were taken from five randomly selected
plants per plot.

Five random subsamples (0.3 m2) were

harvested from each plot, removing both grain and straw.
The immature weevil population, height and yield data
were subjected to analysis of variance using the general
linear models (SAS Institute 1985).

Significant means were

separated using Tukey's studentized range [HSD]

(SAS

Institute 1985) test (P < 0.05).
Results
In 1991, populations of immature rice water weevils in
the control treatment peaked on 9 July, 32 d after planting
(Fig. 4.1).

The populations of rice water weevil immatures

then began to decline but remained above threshold until
August 13. Both the carbofuran and drainage treatments
effectively lowered rice weevil larval populations below
the economic threshold (Fig. 4.1).
Flight activity of adult weevils peaked in late June
1991 and declined thereafter (Fig. 4.2).

This phenomenon
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Figure 4.1. Mean numbers of rice water weevil
(RWW) immatures (larvae/pupae) per core, Rice Research
Station, Crowley, LA, 1991.
Bars with the same letter
within sampling dates are not significantly different
(P > 0.05; Tukey's studentized range [HSD] {SAS
Institute 1985} test).
Carbofuran was applied at 0.56 [AI]/ha when rice water
weevil reached threshold on 9 July ({); All drainage
plots were drained on 12 July, 3 days after rice water
weevil threshold. Drain 1 was reflooded 17 d later on
29 July; Drain 2 was reflooded 18 d later on 30 July;
Drain 3 was reflooded 19 d later on 31 July; Drain 4
was reflooded 2 0 d later on 1 August.
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Figure 4.2. Rice water weevil (RWW)^ adult flight
activity and daily rainfall during the vegetative
phase of the rice plants planted 7 June, Rice Research
Station, Crowley, LA, 1991
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may explain the lack of reinfestation in the water
management plots after reflooding.

There were no

indications of post-flood reinfestations in 1991 because
larval populations numbers were uniformly distributed among
size classes with no obvious increase in the number of
small larvae (Table 4.1).
In 1992, the larval population peaked on 26 June, 36 d
after planting (Fig. 4.3).

During both years, draining the

fields lowered immature rice water weevil populations below
economic threshold level (five immatures per core);
however, the single application of carbofuran in 1992 did
not lower the populations below the economic threshold.
The apparent ineffectiveness of carbofuran in 1992 was
mostly the result of oviposition occurring on the rice
plants 2 wk after being treated with carbofuran (Fig. 4.3).
Monitoring of adult flight activity on the research station
indicated high flight activity 2 wk after carbofuran
application and around the time of reflooding (Fig. 4.4).
Although drainage had lowered the larval population
during the drain period, the benefits were offset by the
second high oviposition period.

The post-reflood larval

population core samples tended to be disproportionally
small to medium larvae, indicative of a new infestation
(Table 4.2).
Plant heights were not significant among treatments
for either year (1991: F — 1.58; df = 5, 15; P < 0.05;

Table 4.1. Mean numbers of rice water weevil immatures (larvae/pupae) as
distributed by size1, before, during and after drainage treatments, Rice Research
Station, Crowley, LA, 1991
1 wk before drainage
med

lrg

pup

2nd wk of drainage

Treatments2

sml

Carbofuran

6.7a 7. la 8. 4ab 0.2a

1. 6a 1.2b 0.8b 0.2b

1.2a 1.5abi 1.8b 0. 2a

Drain 1

5.3a 6.1a 6.5bc 0.0a

2.1a 2.4b 1.4b 0.1b

1. la 0.8b

1.0b 0. 2a

Drain 2

7.6a 7.9a 6. 8bc 0.1a

1.6a 0.9b 0.3b 0.2b

1.3a 1.2b

0.8b 0. 0a

Drain 3

6.0a 5.7a 9.2a

0.2a

1.9a 1.6b 1.5b 0.3b

1.5a 0.9b

0.6b 0. 0a

Drain 4

6. 6a 7. la 6.7bc 0.1a

1.5a 1.2b 0.6b 0.2b

1.0a 1.3b

0.7b 0.3a

Control

6. 6a 6.3a 6.3c

2. 2a 6.4a 7.4a 1.6a

2. la 3.7a

6.2a 1.1a

0.1a

sml

med

lrg

pup

1 wk after reflooding
sml

med

lrg

pup

^ml = small, med = medium, Irg = large and pup = pupae.
Means followed by the same
letter within a column are not significantly different
(P > 0.05; Tukey's studentized range [HSD] {SAS Institute 1985} test).
2Carbofuran = Carbofuran applied (0.56 [AI]/ha) at rice water weevil threshold
(9
July); Drain 1 = plots drained 3 days after rice water weevil threshold (12 July)
with reflood 29 July; Drain 2 = plots drained 12 July with 1 day reflood after Drain
1 was reflooded (30 July); Drain 3 = plots drained 12 July with 2 day delayed
reflood (31 July); Drain 4 = plots drained 12 July with 3day delayed reflood (1
August).
o\
o
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Figure 4.3.
Mean numbers of rice water weevil
(RWW) immatures (larvae/pupae) per core, Rice Research
Station, Crowley, LA, 1992. Bars with the same letter
within sampling dates are not significantly different
(P > 0.05; Tukey's studentized range [HSD] {SAS
Institute 1985} test).
Carbofuran was applied at 0.56 [AI]/ha when rice water
weevil reached threshold on 19 June (4.); All drainage
plots were drained on 2 2 June, 3 days after rice water
weevil threshold. Drain 1 was reflooded 14 d later on
6 July; Drain 2 was reflooded 15 d later on 7 July;
Drain 3 was reflooded 16 d later on 8 July; Drain 4
was reflooded 17 d later on 9 July.
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Figure 4.4. Rice water weevil (RWW) adult flight
activity and daily rainfall during the vegetative
phase of the rice plants planted 25 May, Rice Research
Station, Crowley, LA, 1992
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Table 4.2. Mean numbers of rice water weevil immatures (larvae/pupae) as
distributed by size1, before, during and after drainage treatments, Rice Research
Station, Crowley, LA, 1992

Treatments2

1 wk before drainage

2nd wk of drainage

sml

sml

med

lrg

pup

med

lrg

pup

2.0b 2.7b 0.7a

1 wk after reflooding
sml

med

lrg

pup

8.1a 3.1a 2. 7ab 0. 6ab

Carbofuran

3.2a 1.5a 0.2a

0a

5.0b

Drain 1

4. 9a 1.6a 0. 5a

0a

2. 2bc 1.2b 0.8b 0. lab

5. 8a 3.3a 1.7b

Drain 2

4. 8a 1.5a 0. 6a

0a

1.9c

5. 4a 3.2a 1.9ab 0.2b

Drain 3

5. 8a 1.9a 0. 6a

0a

3.9bc 1.8b 0. 5b 0.0b

6.9a 2.3a 1.5b

0.0b

Drain 4

6.3a 1.6a 1. 0a

0a

2. 5bc 1.7b 0.5b 0. Oab

5.3a 2.4a 1.2b

0.0b

Control

5.8a 1.4a 0.2a

0a

6.4a 3.4a 4.3a

1.1a

10.7a

1.4b 0.3b 0.0b

6.5a 8. 5a 0.8a

0.0b

•sml = small, med = medium, lrg = large and pup = pupae.
Means followed by the same letter within a column are not significantly different
(P > 0.05; Tukey's studentized range [HSD] {SAS Institute 1985} test).
•carbofuran = Carbofuran applied (0.56 [AI]/ha) at rice water weevil threshold
(19
June); Drain 1 = plots drained 3 days after rice water weevil threshold (22 June)
with reflood 6 July; Drain 2 = plots drained 22 June with 1 day reflood after Drain
1 was reflooded (7 July); Drain 3 = plots drained 22 June with 2 day delayed reflood
(8 July); Drain 4 = plots drained 22 June with 3 day delayed reflood (9 July).
C\
tn
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1992: F = 1.87; df = 5, 15; P < 0.05), but the other yield
component indicators for carbofuran treated plants were
significantly higher than the other treatments in 1991
(Table 4.3).

In 1992, there were no significant

differences among the treatments for any of the yield
component indicators (Table 4.4).

Also, during both years,

water removal exacerbated weed conditions which probably
affected yields.
Discussion
Rice water weevil larval populations were
significantly reduced by draining.

However, the

effectiveness of water management in reducing larval
populations may be influenced by rainfall conditions and
adult weevil flight and oviposition activities.
In 1991, the efficacy of the drainage could have been
compromised by frequent rain showers, but this did not
appear to have been the situation.

There were very few

differences in larval populations between the drained and
carbofuran treated plots.

Populations in the drained and

the carbofuran treatments were significantly lower than the
untreated control for 3 wk after treatment.

In 1992, the

drainage and carbofuran treatments were effective for only
2 wk because rice water weevil reinfestation around
reflooding negated any benefits derived from the drainage
and carbofuran treatments.

There was high adult weevil

flight activity and oviposition

Table 4.3. Plant height and yield indicators (mean + SE) in rice with water
management and carbofuran treatments for control of rice water weevils, Rice
Research Station, Crowley, LA, 1991
Treatment1

Plant ht, cm

Total wt/ha, kg

Straw wt/ha, kg

Grain yield/ha, kg

Carbofuran

76.7 + 0.8

11339.2 + 256.3a

6070.2 + 327.1a

4891.9 + 126.6a

Drain 1

76.8 + 0.8

8437.5 + 226.0b

4737.0 + 115.2b

3700.5 + 133.0b

Drain 2

77.6 + 0.9

8447.0 + 367.5b

4552.0 + 293.0b

3679.4 + 173.7b

Drain 3

75.7 + 0.9

8748.9 + 237.2b

4891.5 + 135.4b

3857.4 + 110.0b

Drain 4

76.6 + 1.2

8608.7 + 294.6b

4941.9 + 192.7b

3666.8 + 109.5b

Control

72.8 + 1.0

8598.9 + 339.3b

4781.4 + 162.3b

3709.9 .j. 162.3b

Means followed by the same letter within a column are not significantly different
(P > 0.05; Tukey's studentized range [HSD] {SAS Institute 1985} test).
Carbofuran = Carbofuran applied (0.56 [AI]/ha) at rice water weevil threshold
(9
July); Drain 1 = plots drained 3 days after rice water weevil threshold (12 July)
with reflood 29 July; Drain 2 = plots drained 12 July with 1 day reflood after Drain
1 was reflooded (30 July); Drain 3 = plots drained 12 July with 2 day delayed
reflood (31 July); Drain 4 = plots drained 12 July with 3 day delayed reflood (1
August).
Total wt = Straw wt + Grain yield
as
vj

Table 4.4. Plant height and yield indicators (mean + SE) in rice with water
management and carbofuran treatments for control of rice water weevils, Rice
Research Station, Crowley, LA, 1992
Treatment1

Plant ht, cm
70.3 +

Drain 1

Straw wt/ha, kg

Grain yield/ha, kg

CO•
o

Carbofuran

Total wt/ha, kg
9316.5 + 425.0

5680.1 + 253.3

3636.4 + 188.3

66.9 + 0.7

8469.4 + 274.0

5427.3 + 214.1

3042.1 + 108.2

Drain 2

67.1 + 0.5

8614.3 + 309.4

5502.7 + 197.9

3111.6 + 139.7

Drain 3

69.7 + 0.4

9724.5 + 240.6

6190.2 + 187.0

3534.3 + 106.0

Drain 4

68.2 + 0.9

9893.1 + 282.0

6631.8 + 202.1

3261.3 + 194.5

Control

68.3 + 0.8

8873.7 + 333.1

5766.6 + 210.3

3107.1 + 168.6

ANOVA were not significant (P < 0.05).
xCarbofuran = Carbofuran applied (0.56 [AI]/ha) at rice water weevil threshold (19
June); Drain 1 = plots drained 3 days after rice water weevil threshold (22 June)
with reflood 6 July; Drain 2 = plots drained 22 June with 1 day reflood after Drain
1 was reflooded (7 July); Drain 3 = plots drained 22 June with 2 day delayed reflood
(8 July); Drain 4 = plots drained 22 June with 3 day delayed reflood (9 July).
Total wt = Straw wt + Grain yield
os
00
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occurring after 23 June 1992; while there was no
reinfestation in 1991, possibly because of high rainfall
which may have suppressed rice water weevil activity.
Gifford and Trahan (1966) recognized that there were
factors other than minimum temperature that might retard
night flight activity of the rice water weevil but they did
not find an association between rainfall, maximum
temperature and weevil collections.

However, this author

has observed that adult rice water weevil collections are
negligible during rainy nights.
Although recent studies provided evidence that
drainage and delayed reflooding is a possible alternative
control tactic to carbofuran (Morgan et al. 1989 &
Quisenberry et al. 1992), the results of this study would
caution its application under certain conditions.
Drainage may not be very effective during rainy periods,
because the soil may not dry out enough to kill the larvae.
If drainage and reflooding occur before a period of heavy
adult rice water weevil dispersal, as was the case in 1992,
a reinfestation of rice fields is likely.

Having already

drained the field for 2 wk to control rice water weevil, it
would be impractical to drain the field again because that
would place additional physiological stress on the plants
and dramatically impact yield.

Hesler et al.

(1992)

observed that the utility of drainage may be limited
because substantial oviposition can occur after reflooding.

In 1991, yields in the drained plots were
significantly lower than those in the carbofuran treated
plots, despite the fact that larval populations were
equivalent.

Frequent showers during the drained period may

have caused leaching of nutrients from the soil in the
drained plots, re-drained after each rainfall.

Also, the

physiological stress placed on the plants during drainage
may have contributed to reduced yields in the drained
plots.
Reduced nutrient availability (Obermueller & Mikkelsen
1974, Sah & Mikkelsen 1983) and increased incidence of
weeds (Williams et al. 1990) usually caused by draining
fields are additional factors that may have depressed grain
yields in this study.

However, the data from this study

indicated that delays in reflooding drained fields for up
to 3 d may not reduce yields.
Although draining fields does lower larval
populations, the effects of possible nutrient loss through
leaching and post-reflood weevil infestations on yields are
important considerations.

Therefore, the success of water

management for rice water weevil control in southwest
Louisiana is unpredictable.
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Introduction
Water weevils are probably the most widely distributed
and economically important root feeders on rice (Bowling
1980).

The rice water weevil, Lissorhoptrus oryzophilus

Kuschel (Coleoptera: Curculionidae), is the most prevalent
and the most destructive insect pest of rice in the United
States.

The importance of the insect as a major rice pest

was documented in the early 1900's (Tucker 1912, Webb
1914), although it was probably associated with rice since
its introduction as a crop in the 17th century (Bowling
1967).

Yield losses greater than 1123 kg/ha can occur from

serious infestations, with total losses in Louisiana
estimated to be $10 M annually (Smith et al. 1986).
Early methods for managing this pest in the United
States involved the use of cultural control methods,
primarily draining flooded fields at times of infestation
(Tucker 1912, Isely & Schwardt 1934).

This method has

limitations because of the difficulty in properly timed
reflooding of fields and the loss of fertilizer (Isely &
Schwardt 1934, Robinson et al. 1980, Smith 1983, Morgan et
al. 1989).

With the advent of effective and cheap

pesticides, the use of this cultural practice was
abandoned.
Insecticide control is the most effective practice
currently used for managing the rice water weevil.

The

insecticide carbofuran has been in use for over 20 years
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with no documented insect resistance.

However, the

Environmental Protection Agency has revoked the
registration of the granular formulations of carbofuran
effective in 1995, when it can no longer be used on rice
for control of the rice water weevil (Moore 1989, Heier
1991).
An alternative cultural practice under consideration
is using planting date for host temporal avoidance of rice
water weevil.

This can be effected by planting rice before

the large scale migration and build-up of the pest
population in the late spring.

If rice plants are advanced

in their tillering stage before peak infestation, then root
damage should be minimal.

In Arkansas, Isely and Schwardt

(193 4) reported lower populations of immature rice water
weevil in rice planted early in the growing season compared
to later planted rice.

Thompson et al.

(1991) in an

unrelated study conducted in southwest Louisiana, reported
similar observations.

Temporal avoidance of pest by the

host through manipulation of planting and harvesting dates
is not a new practice employed in pest management.

This

practice was widely used for controlling the Hessian fly
(Mayetiola destructor (Say)) before the development of
resistant wheat varieties (Pfadt 1985a).
The objectives of this study were to compare the use
of planting date and carbofuran as rice water weevil
control tactics and to assess subsequent impact on yield
indicators.
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Materials and Methods
This research was conducted under field conditions
during 1991 and 1992 at the Rice Research Station, near
Crowley, Louisiana.

The experiment was arranged in a

split-plot design consisting of three main plots (planting
date) and two subplot treatments (carbofuran [FMC,
Philadelphia, Pa.] treated and untreated), with four
replicates.

Plots (1.2 by 6.1 m) were individually leveed

to control chemical treatments and irrigation.

The three

planting dates were: PLANTING-DATE ONE, 5 April 1991 and 16
April 1992; PLANTING-DATE TWO, 25 April 1991 and 7 May
1992; PLANTING-DATE THREE, 16 May 1991 and 28 May 1992.
Before planting in 1991, fertilizer (67:67:67 kg/ha
N:P:K) was applied by hand, then incorporated into the soil
(PLANTING-DATE ONE, 4 April; PLANTING-DATE TWO, 23 April;
PLANTING-DATE THREE, 14 May).

However, because the soil

was too wet for incorporating the fertilizer in 1992,
fertilizer at the same rate as used in 1991 was applied
prior to permanent flooding (7 d after planting).

Before

planting, plots were flooded to a depth of 7 cm.
Pregerminated rice seeds (var 'Lemont') were hand seeded at
the rate of 159 kg/ha into each plot on the respective
planting dates.

A top dressing of nitrogen fertilizer (67

kg/ha) was made when rice leaves became chlorotic,
indicating nitrogen deficiency (PLANTING-DATE ONE, 31 May
1991 and 25 May 1992; PLANTING-DATE TWO, 6 June 1991 and

June 1992; PLANTING-DATE THREE, 3 July 1991 and July 1992).
Carbofuran (0.56 kg[AI]/ha) was applied to insecticidetreated subplots with a shaker-jar when larval populations
reached threshold (5 larvae per core).

Carbofuran

treatments were made on 16 May 1991 and 25 May 1992 for
PLANTING-DATE ONE; 29 May 1991, 8 and 30 June 1992 for
PLANTING-DATE TWO, and 14 June 1991, 25 June and 30 July
1992 for PLANTING-DATE THREE.
Rice water weevil larval populations were monitored
weekly as follows: 1991, PLANTING-DATE ONE- 10, 13, 23, 30
May and 6, 13, 21, 27 June; PLANTING-DATE TWO- 23, 30 May;
6, 13, 21, 27 June and 3 July; PLANTING-DATE THREE- 13, 21,
27 June; 3, 10, 18, 25 July and 1 August; and 1992,
PLANTING-DATE ONE- 22 and 26 May; 2, 9, 16, 24, 30 June;
10, 14 July; PLANTING-DATE TWO- 6, 9, 16 , 24, 30 June; 10,
14, 21, 28 July and PLANTING-DATE THREE- 24, 3 0 June; 10,
14, 21, 28 July; 4, 13 August.

Three plant samples with

soil were taken per plot on each sampling date, using a 9.2
cm diam core sampler to a depth of 7.6 cm.
sample was washed through a 4 0-mesh sieve.

Each core
The sieve with

soil residue and plant debris was placed in salt water.
Through repeated agitation of the sieve in the salt
solution, larvae and pupae floated to the surface and were
counted.

At harvest, plant heights were taken on five randomly
selected plants in each subplot.

Five 0.3 m2 areas were

harvested from each subplot with the use of a quadrat to
determine yield components.

Both straw and grain were

removed to determine the total above ground biomass (straw
weight + grain weight), dry weight of straw, dry grain
weight and calculated grain yield/ha.

In 1991, plants were

harvested on 9 August, 15 August and 6 September for
PLANTING-DATE ONE, PLANTING-DATE TWO and PLANTING-DATE
THREE, respectively.

Plants were harvested on 12 August, 4

September and 21 September for PLANTING-DATE ONE, PLANTINGDATE TWO and PLANTING-DATE THREE, respectively, in 1992.
The larval population, height and yield data were subjected
to analysis of variance (ANOVA) using the general linear
models (SAS Institute 1985) .
Results and Discussion
Rice water weevil larval populations reached or
surpassed threshold on 16 May 1991 and 22 May 1992 on
PLANTING-DATE ONE, 29 May 1991 and 2 June 1992 on PLANTINGDATE TWO, and 14 June 1991 and 24 June 1992 on PLANTINGDATE THREE (Figs. 5.1-5.6).

However, in 1991, rice water

weevil larval populations were generally lower than in 1992
(Table 5.1).

During 1991., the subplots without carbofuran

for all planting dates had rice water weevil populations
peaking under 2 0 larvae per core sample (Figs. 5.1-5.3),
but in the following year populations exceeded 25 larvae
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Fig. 5.1. Mean number of rice water weevil (RWW)
larvae per core, Rice Research Station, Crowley, LA,
1991.
PLANTING-DATE ONE, planted 5 April 1991.
Subplot treatments: carbofuran, 0.56 kg[AI]/ha,
applied 16 May (I); control.
* Denotes significantly different means within a
sample date.

5/10

5/13

5 /2 0

5 /2 3

5/30

6/6

6/13

DATES
Untreated

Treated

6/21

6 /2 7

82

Fig. 5.2.
Mean number of rice water weevil
(RWW) larvae per core, Rice Research Station, Crowley,
LA, 1991. PLANTING-DATE TWO, planted 25 April 1991.
Subplot treatments: carbofuran, 0.56 kg[AI]/ha,
applied 29 May (i); control.
* Denotes significantly different means within a
sample date.
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Fig. 5.3.
Mean number of rice water weevil
(RWW) larvae per core, Rice Research Station, Crowley,
LA, 1991.
PLANTING-DATE THREE, planted 16 May 1991.
Subplot treatments: carbofuran, 0.56 kg[AI]/ha,
applied 14 June (4); control.
* Denotes significantly different means within a
sample date.
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Fig. 5.4.
Mean number of rice water weevil
(RWW) larvae per core, Rice Research Station, Crowley,
LA, 1992.
PLANTING-DATE ONE, planted 16 April 1992.
Subplot treatments: carbofuran, 0.56 kg[AI]/ha,
applied 25 May (4-); control.
* Denotes significantly different means within a
sample date.
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Fig. 5.5.
Mean number of rice water weevil
(RWW) larvae per core, Rice Research Station, Crowley,
LA, 1992.
PLANTING-DATE TWO, planted 7 May 1992.
Subplot treatments: carbofuran, 0.56 kg[AI]/ha,
applied 8 and 30 June (4); control.
* Denotes significantly different means within a
sample date.
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Fig. 5.6.
Mean number of rice water weevil
(RWW) larvae per core, Rice Research Station, Crowley,
LA, 1992.
PLANTING-DATE THREE, planted 28 May 1992.
Subplot treatments: carbofuran, 0.56 kg[AI]/ha,
applied 25 June and 30 July (-1) ; control.
* Denotes significantly different means within a
sample date.
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Table 5.1.
Sum of rice water weevil larvae sampled
from untreated subplots (no carbofuran) during the growing
season for each planting date, Rice Research Station,
Crowley, LA, 1991 and 1992, means ± SE
Planting Date

1991

1992

1

87.5 ± 10.8

112.8 ± 12.2

2

66.2 ±

7.9

142.7 ± 12.9

3

71.1 ±

6.8

155.8 ± 13.5

Analyses of variance were not significant (P > 0.05).

per core sample (Figs. 5.4-5.6).

The population for

PLANTING-DATE THREE in 1991 was unusually low, never
exceeding 15 larvae per core sample at peak population
level (Fig. 5.3).

On the other hand, 1992 was a year of

typical positive population growth for the rice water
weevil, with highest population abundance observed in
PLANTING- DATE THREE (Figs. 5.4-5.6).

The average

population of immature weevils in untreated subplots (no
carbofuran) declined during the 1991 season, but increased
during 1992.

However, in neither year were the aggregate

means significantly different among planting dates (1991, F
= 3.84; df = 2 ,
0.05)

6; P > 0.05; 1992, F = 4.34; df = 2, 6; P >

(Table 5.1).
In 1991, planting date effect was significant for all

yield indicators; while there were significant treatment by
planting date interactions for all indicators except height
(F = 0.09; df = 2, 105; P > 0.05).

Grain yield for the

first planting date was significantly higher than the later
dates (F =

180.44; df = 2, 6; P < 0.05).

For 1992,

treatment effects on yield indicators were the same as in
1991.

There also was a significant decline in grain yield

from the first planting date to the third (F = 14.27; df =
2, 6; P < 0.05).
During both years, plants in carbofuran treated
subplots in PLANTING-DATES TWO and THREE were taller than
the untreated subplots, but there were no height

Table 5.2. Plant height and yield responses (mean + SE) in rice with planting
date and carbofuran treatments for control of the rice water weevil, Rice Research
Station, Crowley, LA, 1991
Planting8 Treatmentb
date

Plant ht,
cm

Total wtc/ha,
kg

Straw wt/ha,
kg

Grain yield/ha,
kg

Treated
Untreated

88.3 + 1.1
83.8 + 1.2

18009.6 + 463.8
15944.8 + 430.0

9161.9 + 318.7*
7915.6 ± 331.7

8997.3 + 298.4
8205.4 + 229.8

Treated
Untreated

83.1 + 0.7*
78.9 + 0.9

16806.9 + 545.0*
14411.5 + 324.9

8744.0 + 297.0*
7640.4 + 189.3

8181.6 + 291.8*
6870.4 + 159.9

Treated
Untreated

74.1 + 0.8*
70.3 + 0.9

12010.0 + 326.8
11643.0 + 414.6

7501.1 + 206.9
7126.7 + 270.3

4686.9 + 141.2
4684.7 + 149.7

* Denotes significantly different means within a planting date by column.
Analysis of variance results were (df = 1,3): PLANTING-DATE ONE, Plant ht, F = 3.75,
P > 0.05; Total wt, F = 4.48, P > 0.05; Straw wt, F = 15.18, P < 0.05; Grain yield, F
= 4.57, P > 0.05: PLANTING-DATE TWO, Plant ht, F = 69.63, P < 0.05; Total wt, F =
32.31, P < 0.05; Straw wt, F = 55.49, P < 0.05; Grain yield, F = 17.97, P < 0.05:
PLANTING-DATE THREE, Plant ht, F = 10.37, P < 0.05; Total wt, F = 0.12, P > 0.05;
Straw wt, F = 0.32, P > 0.05; Grain yield, F = 0.00, P > 0.05.
“Planting dates: PLANTING-DATE ONE, 5 April; PLANTING-DATE TWO, 25 April and
PLANTING-DATE THREE 16 May 1991.
bTreated = carbofuran applied (0.56 kg[AI]/ha) at rice water weevil threshold (5
larvae per core).
cTotal wt = Straw wt + Grain wt.
VO
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differences between the subplot treatments for PLANTINGDATE ONE (Tables 5.2 and 5.3).

In 1991, no differences

were observed for total weight, straw weight and grain
yield between carbofuran treated and untreated subplots for
PLANTING-DATE THREE, and straw weight in PLANTING-DATE ONE.
However, for the second planting date, total weight, straw
weight and grain yield in the carbofuran treated subplots
were greater than the untreated (Table 5.2).
The situation in 1992 was much different from the
first year.

Although no yield indicators showed

differences between the carbofuran treated and untreated
subplots for PLANTING-DATE ONE, carbofuran treated plots
had significantly larger values for all indicators, in
PLANTING-DATE TWO and PLANTING-DATE THREE, except straw
weight for PLANTING-DATE 3 (Table 5.3).

Grain yields were

not significantly different between subplot treatments for
PLANTING-DATE ONE but differences were highly significant
for PLANTING-DATE TWO and PLANTING-DATE THREE.
Rice water weevils have a typical positive population
growth rate over the rice growing season.

The more

generations per year, the higher the aggregate rice water
weevil population later in the growing season.

Gifford and

Trahan (1966) estimated there were two and a partial third
generation of rice water weevil produced during the year in
southwest Louisiana.

Because the data showed that the

larval populations were not significantly different among

Table 5.3. Plant height and yield responses (mean ± SE) in rice with planting
date and carbofuran treatments for control of the rice water weevil, Rice Research
Station, Crowley, LA, 1992
Planting3 Treatment11
date

Plant ht,
cm

Total wtc/ha,
kg

Straw wt/ha,
kg

Grain yield/ha,
kg

1

Treated
Untreated

69.2 + 0.7
67 .4 + 0.7

10011.1 + 436.1
10215.0 + 324.8

5276.6 + 242.4
5494.2 + 204.1

4734.1 + 227.5
4720.5 + 133.0

2

Treated
Untreated

73.3 + 0.8*
67.1 ± 1.0

11826.1 + 334.0*
9708.8 + 246.8

7303.7 + 201.1*
6333.6 + 159.6

4522.4 + 152.7*
3375.2 + 145.8

3

Treated
Untreated

72.2 + 0.7*
66.5 + 0.8

10384.3 + 383.0*
8559.2 + 301.1

6439.4 + 259.6
5737.4 + 254.2

3944.8 + 138.3*
2821.8 + 91.0

* Denotes significantly different means within a planting date by column.
Analysis of variance results were (df = 1,3): PLANTING-DATE ONE, Plant ht, F = 3.83,
P > 0.05; Total wt, F = 0.03, P > 0.05; Straw wt, F = 0.11, P < 0.05; Grain yield, F
= 0.00, P > 0.05: PLANTING-DATE TWO, Plant ht, F = 54.36, P < 0.05; Total wt, F =
953.92, P < 0.05; Straw wt, F = 23.53, P < 0.05; Grain yield, F = 59.69, P < 0.0045:
PLANTING-DATE THREE, Plant ht, F = 573.35, P < 0.05; Total wt, F = 10.40, P < 0.0484;
Straw wt, F = 4.38, P > 0.05; Grain yield, F = 22.21, P < 0.05.
“Planting dates: PLANTING-DATE ONE, 16 April; PLANTING-DATE TWO, 7 May and
PLANTING-DATE THREE, 28 May 1992.
bTreated = carbofuran applied (0.56 kg[AI]/ha) at rice water weevil threshold (5
larvae per core).
“Total wt = Straw wt + Grain wt.
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planting dates for each year, larval population was not the
only factor influencing yield in this study.
Although, in both years, the larval populations were
statistically similar in the untreated subplots (no
carbofuran)

for all three planting dates, rice water weevil

infestation did not significantly reduce grain yields in
the first planting date.

However, the later planting date

treatments had lower yields in the untreated subplots (no
carbofuran), except on the third planting date of 1991.
The relatively low rice water weevil larval population in
the PLANTING-DATE THREE subplots of 1991 would explain why
there was not a significant difference in grain yield
between carbofuran treated and untreated subplots.
However, the 1992 results showed that the effects of
weevil damage became more significant as the season
progressed.

In fact, unlike 1991, rice water weevil

infestations reoccurred during the vegetative phase in
1992, requiring two applications of carbofuran for
PLANTING-DATE TWO and PLANTING-DATE THREE.

The second

carbofuran application was necessary so as to maintain the
larval populations in carbofuran treated subplots near the
threshold of 5 larvae per core sample.

The higher weevil

populations, along with the modified fertilizer application
procedure, may also explain the lower grain yields observed
in 1992 relative to 1991 (Tables 5.2 and 5.3).
Therefore, the data indicate that early planted rice
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possesses a pseudoresistance to the rice water weevil.
This pseudoresistance is likely to be from induced
tolerance resistance and not host evasion (Painter 1951).
Although, based on the biology of the pest, early planted
rice also may avoid high rice water weevil infestations.
The results of this study suggest that early seeding
of rice can be a cultural technique used to effectively
reduce the damaging effects of rice water weevil.

This

tactic is currently used for boll weevil control in cotton
where the objective is to hasten development of the crop to
set before the weevil population reaches ruinous levels
(Pfadt 1985b).
This cultural method would save on insecticide input
costs and reduce environmental damage.

Also, the impact of

carbofuran loss would be lessened because early seeding
would produce yields equivalent to those obtained when
carbofuran is used.
However, there is a disadvantage to early seeding of
rice in southwest Louisiana.

Ideally, seeding should be

done in late March to mid-April, when rice water weevil
adults just start leaving their overwintering sites.

Webb

(1914) reported that weevils start leaving overwintering
sites as early as 2 5 March.

Although planting

recommendations are for seeding to be done before 30 April,
occasional cold snaps in March and early April can result
in seedling injury.

Also, conditions during this period

generally favor the development of seedling diseases in
water-seeded rice which can adversely affect stand
establishment (Rush et al. 1971).

Therefore, the impact of

seedling diseases and stand establishment must be
considered when seeding of rice is undertaken early in the
growing season.
However, apart from avoiding damaging effects of rice
water weevil populations, there are additional benefits
derived from seeding early.

Extremely late seeding can be

detrimental to both yield and grain quality.

Also stand

establishment can be difficult under hot conditions
(Anonymous 1987).

The detrimental effect of late planting

on yield was evident in this study.
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These series of field studies were designed to
identify feasible cultural tactics that could be used to
control the rice water weevil, Lissorhoptrus oryzophilus
Kuschel, on rice.

Cultural control of the rice water

weevil became more important with need to find alternatives
to the use of carbofuran.

Carbofuran is the only

insecticide currently registered for use against the rice
water weevil.

However, the Environmental Protection Agency

has revoked the registration of granular formulations of
carbofuran effective in 1995.
The studies examined some of the factors that might
favor rice water weevil infestation and tried to ascertain
whether those factors can be manipulated for weevil
control.

The first factor examined was the effect of rice

plant density on rice water weevil infestation.
The first study was a series of field experiments
conducted from 1990 to 1992.

Four plant stand densities of

the rice variety 'Lemont' were used in the study.

The

plant densities were 10, 20, 30 and 40 plants per linear
meter row or 50, ino, 150 and 200 plants per m2.

The study

examined the effect of plant densities on rice water weevil
oviposition and immature populations during the first two
wk of permanent flooding.
Oviposition data were collected twice during the first
2 wk of permanent flooding, in 1991 and 1992 only.

In

1991, plant spacing did not have a significant effect on
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the number of eggs per plant for the first sample date but
the effect was significant for the second sample date.

On

both sample dates, there was a trend for more eggs per
plant at lower densities.

Plant spacing had a significant

effect on eggs/m2 area only in the second sample date, but
on both sample dates, there was a trend towards more eggs
per unit area with higher plant densities.
In 1992, plant spacing had a significant effect on the
number of eggs per plant for both sample dates; whereas,
plant spacing had a significant effect on eggs/m2 area for
only the second sample date.

The trends for eggs per plant

and eggs per unit area were the same as in 1991.
Immature populations levels were different among plant
density treatments only during the first 2 wk of permanent
flood in 1990; while, in 1991 significant differences were
observed at 21, 28 and 35 days after permanent flooding.
However, in 1992, there were no statistical differences
among the immature populations in the treatment densities
for the sampling period.
There were no yield differences among the treatment
densities except in 1992 when yields in the 10 and 2 0
plants per linear meter row were significantly lower than
in the two other treatments.

The yield differences in 1992

were attributed to the poor stand establishment and tiller
development because of adverse weather conditions.
high tillering capacity of the rice variety,

The

'Lemont' was
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believed responsible for no observed yield differences in
1990 and 1991.
The conclusion from the study was that rice plant
density may influence rice water weevil oviposition during
the first 2 weeks of permanent flood.

Although a smaller

number of eggs may be deposited per unit area in a low
plant density compared to a high density, an individual
plant in a low plant stand density may at times have a
higher level of infestation than one in a high plant
density.

Further, low plant stands were subject to poor

stand establishment because of adverse weather conditions,
and differences in infestation among recommended densities
were insignificant.

Therefore, the data from the study did

not find any justification for using plant density to
reduce the damaging effects of rice water weevil.
The second study was designed to compare the use of
carbofuran and field drainage as rice water weevil control
tactics and to assess the subsequent effects on rice
yields.

The study also examined the impact of 1-3 days

delay in reflooding fields on rice yields.

This study was

conducted during 1991 and 1992.
Rice water weevil flight activity differed greatly
during the 2 years and thus affected immature infestation
observed.

During both years, draining the fields lowered

immature rice water weevil populations below economic
threshold (5 larvae per core).

In 1991, flight activity
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peaked before the plots were drained and declined
thereafter.

There was no evidence of major reinfestation

after reflooding drained subplots because larval
populations were uniformly distributed among size classes,
with no obvious increase in the number of small larvae.
In 1992, there was high adult flight around the time
of reflooding drained plots that lead to reinfestation.
Post-reflood reinfestation was evident because core samples
from drained and carbofuran treated plots indicated
disproportional numbers of small to medium larvae when
compared with 1991.

Therefore, benefits from drainage and

carbofuran were negated by the reinfestation.
There were no plant height differences among
treatments for either year, but yields were significantly
higher in the carbofuran treated plots compared with the
drained and control treated plots in 1991.

However, in

1991 there were no significant yield differences among the
treatments.
These data from the study found that the successful
application of water management for rice water weevil
control in southwest Louisiana is unpredictable.

Drainage

did reduce larval populations but continuous rainfall
during the drained period caused leaching of soil nutrients
and negated the benefits of drainage.

More critically,

reinfestation after reflooding a drained field offsets the
control derived from drainage.

Unlike chemical control,
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field drainage could not be repeated because it would cause
excessive physiological stress to the plants and would be
uneconomical.

Finally, the results from the study also

demonstrated that up to 3 days delay in reflooding drained
fields may not significantly reduce grain yields.
The third study compared the use of planting date and
carbofuran on rice water weevil infestation and the
subsequent impact on yields.

The study was conducted in

1991 and 1992 using three planting dates each year.

The

first planting dates were on the 5 April 1991 and 16 April
1992.

The second and third planting dates were at 21-day

intervals after.
In 1991 and 1992, total populations of immature rice
water weevils in the carbofuran untreated subplots were not
significantly different among the planting date treatments.
However,

in 1991, the populations showed a declining trend

with planting date; whereas, in 1992, there was an
increasing trend with planting date.
There were no statistical yield differences between
the carbofuran treated and untreated subplots for the first
planting date of both years and third planting date for
1991.

However, yields were statistically higher in

carbofuran treated subplots for the second and the third
planting dates in 1992.

Yields also declined significantly

with each planting date in both years.

In 1991 and 1992,

plants in the carbofuran treated subplots were
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significantly taller for the second and third planting
dates but not the first planting date.
The data showed that yields of rice planted before
mid-April were not reduced by rice water weevil immature
infestation.

The results indicated that early planted rice

may not escape damaging populations of rice water weevil,
but can tolerate such populations without significant
reduction in yields.

This type of pseudoresistance does

not occur in later planted rice.

The findings of the study

suggested that early rice seeding offered potential as a
cultural control tactic to reduce the damaging effects of
rice water weevil.
These studies showed the efficacy of some cultural
tactics that could be used to control the rice water
weevil.

Of the two possible viable cultural tactics,

planting date is the most reliable.

However, effective use

of this tactic in southwest Louisiana may require
monitoring of long range weather forecasts because rain and
cold snaps can affect land preparation and seedling
development in early April.

As regards water management,

the success of this tactic is too unpredictable to be
relied on solely.
The studies underlined the need to continue
investigating alternative rice water weevil control tactics
to replace the use of carbofuran.

Although date of

planting as a cultural control tactic offers good potential
for the future, further research is necessary so as to
develop firm recommendations.
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